Men responded with greater adrenaline excretion during different parts of an instrumental conditioning experiment than did women. This difference did not appear related to urine volume. Informed subjects had higher pre-experimental adrenaline values than uninformed. Men excreted noradrenaline at rates twice those of women. Specific behavioral responses were not consistently related to the catecholamine excretion rates.
H. UMAN SUBJECTS in a discrimination
instrumental conditioning design have been found by us to fall into 3 main behavioral groups, when the procedure utilizes a punch avoidance response and when the instructions are vague. Subjects either learn to avoid electric shock, escape from it, or do not perform the response. The behavioral patterns and some of the physiological responses for 33 men and 21 women have been previously reported. 16 ' 17 This communication concerns the urinary catecholamine excretion rates of these subjects during the course of the experiment.
The proposal to measure urinary excretion of the catecholamines (CA), adrenaline (A), and noradrenaline (NA) during such a behavioral study emerged from previous investigations by Elmadjian et al. 7 - 8 and by Silverman in association with members of this laboratory. 4 ' 24 -25 These investigators have measured urinary excretion of amines by subjects and patients in a variety of situations. Subjects were athletes performing in different types of sports and others exposed to such situations as stress interviews, human centrifugation, and pursuit motor tasks. Patients under stress were also studied. In a recent summary of this work, Elmadjian et al. conclude that the evidence supports the hypothesis that "active aggressive emotional displays are related to increased excretion of NA, whereas tense, anxious, but passive, emotional displays are re-135 lated to increased excretion of A, in association with normal excretion of NA." 8 Those investigations suggested that the relationships between catecholamine excretion and behavior be explored in a controlled laboratory setting. Since the punch-avoidance experiment was expected to give some measure of behavior on a passive-aggressive continuum, the design seemed suitable for initial exploration of these relationships in human subjects.
Method
Urinary collections were obtained from 32 male and 18 female subjects exposed to the instrumental conditioning experiment on 2 different days. Each subject was tested at the same time on both days, and every effort was made to test subjects in the afternoon (26 of 32 men; 12 of 18 women). Later inspection of the data did not show the results to be affected by the pooling of data from subjects tested in the morning and afternoon. Each experimental session consisted of a conditioning period in which 40 trials of 4 visual stimuli were randomly presented, 1 of these being reinforced by electric shock. Conditioning was followed by an extinction period in which there were 16 conditioned stimulus (CS) presentations without reinforcement. Both sessions occurred within a 7-day interval, the design on the second day differing from that on the first only in the introduction of a new visual CS and an unstructured interview following the experiment. Subjects were previously instructed by mail to avoid excess physical activity prior to the experiment.
Six of the men had been told the nature of the experiment, and, furthermore, that the fact of their knowledge should not be made known to those conducting the experiment. These subjects were treated as a separate "informed" group.
Subjects arrived at the laboratory and after voiding and drinking an 8-oz. glass of water, were instructed to lie on a couch in a partially sound-attenuated room. Smoking and reading were permitted on request (seldom), most subjects choosing to doze. After 1 hr. and a second glass of water, the
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experiment was conducted and lasted about 2 hr. On the second day another glass of water was given and an interview of about 1 hr. conducted. Urine specimens were obtained after the following periods: preexperimental resting periods of both sessions (Pre, 1 hr.); experimental periods of both sessions (Exp, 2 hr.); and following the interview on the second day (Int, 1 hr.). Urine samples were immediately acidified to pH 3.5 (with IN HC1) and frozen prior to analysis. Urinary extracts were prepared by the method of von Euler and Floding, 11 by which A and NA were adsorbed onto aluminum oxide and then eluted with acetic acid (0.3 N). Also by this technique fluorescent derivatives were produced by oxidation with potassium ferricyanide at pH 6.0. Fluorimetric determinations were performed by the method of Cohen and Go!denberg. 
Results
The 18 women gave a total of 85 urine specimens with a mean A value of 0.93 /ig./hr. and a mean NA value of 1.12 /ig./hr. The 26 uninformed men gave 124 specimens with mean A and NA excretion rates of 1.03 and 2.01 fig./ hr., respectively. The 6 men who had been informed of the experiment had A and NA excretion rates of 1.15 and 2.16 jitg./hr., respectively, obtained from 29 specimens.
The average catecholamine excretion rates for each of the 5 collection periods are shown for the 3 groups of subjects in Fig. 1 . These values are for the preexperimental and experimental specimens on both days and the interview specimen after the second experiment. ( Table 1 ) which included the following main effects: subject group (women versus men); between days (Run A versus Run B); and within days (Pre versus Exp). The interview data were excluded from this analysis.
The men excreted more NA than did the women. This is reflected in the difference of over-all means of 2.01 and 1.12 /ig./hr. for men and women, respectively. Also, the pre-experimental values were higher than the experimental, indicating a tendency for all subjects to decrease NA excretion during both days. This was not different for the 2 groups. The mean NA excretion rates were higher on the first day than on the second, particularly for the men, but these differences were not significant. There was no difference between men and women in over-all A excretion. The pre-experimental values did not differ from the experimental, nor did the values on the first day differ from those on the second. However, there was a significant triple interaction between subject group, experimental day, and pre-experimental versus experimental effects. The meaning of this interaction is shown in Fig. 2 , and is attributed to the fact that adrenaline excretion for men rose on the first experimental day, whereas that of the women fell. These differences were not apparent on the second day. Since the over-all trend was for a decrease of A excretion during each experiment, the rise for the men on the first day seems significant. Table 1 .
The next question was whether the subjects differed in their catechol excretion rates according to their behavior during the experiment. It had been shown that the subjects could be grouped according to whether they learned to avoid shock, learned to escape from it, or did not punch. It had been hoped that such a grouping might give some index of their aggressiveness, and that this would be reflected in their urinary CA excretion rates.
Separate analysis of variance for each amine was done on the data of both the women and the uninformed men; the subjects were divided according to behavioral group. The effects of experimental day and pre-experimental versus experimental specimen were again included. Neither group of subjects showed a significant behavioral effect for either amine, indicating that the behavior the subjects demonstrated during the experiment was not reflected in their over-all CA excretion rates.
The 6 men who had been informed differed from the uninformed group only in pre-experimental A excretion on the first experimental day (Fig. 1) The NA excretion rates during the interview were the highest for both groups of men (Fig. 1) . This increased NA excretion did not occur when the women were interviewed, and this effect was less with A. Dividing the uninformed men according to behavioral group did not reveal any differences. Not only was the mean NA excretion of 2.56 /ig./hr. for the uninformed men during the interview higher than the 1.20 /xg./hr. found for women (t = 4.50; df 32; 1 < .001), but so too was the change in NA from experimental to interview specimen greater for the men (related t = 5.26; df 19; p < .001). This would suggest that the increased NA excretion during the interview, found for the men, was not simply a function of the greater freedom of muscular activity during this situation (since that was the same for both men and women), but rather a function of the interview itself.
Because of the possible relationship between urine volume and CA excretion, it was necessary to exclude an aminevolume relationship as an explanation of the difference found in this experiment. The urine excretion rates for all 5 experimental periods are shown for each group in Table 2 .
Women excreted more urine than did men, but there was no difference between the male groups nor between experimental periods. The excretion during the interview was much lower for all 3 groups.
Correlations between NA and urine excretion for each experimental period were insignificant, indicating no constant relationship between these 2 parameters. This was surprising in view of the data reported by de Schaepdryver and Leroy, 8 Dawson and Bone, 5 and others who demonstrated increased NA excretion with increased volume. One difference may be that these investigators reported data on 24-hr, urine collections from subjects at normal muscular activity, in contrast to the short urine collection periods from subjects at relative muscular rest reported here.
Correlations between A and log urine excretion are recorded in Table 3 . Since a Chi-square test of distribution indicated that individual r's came from the same population for each subject group, it was appropriate to pool the data from all the experimental periods within each subject group to examine the nature of the relationship.
A frequency distribution for urine volumes for the uninformed men is shown in Fig. 3 . The volumes were transformed to logarithms to normalize the distribution, and grouped according to a regular interval scale. Mean and S.E.M. of A excretion for each urine volume group are indicated. Although there may be a trend to increased A excretion with increased urine flow, it is apparent that in the middle range of urine volumes, where the large majority of specimens fall, the relationship is insufficient to warrant alteration of the interpretation of the A excretion data.
A similar plotting of the data for women gave the same result. The finding that CA excretion is unaffected by urine volume in the middle range of urine flow, but may be affected by extremes of urine output, is consistent with similar data from von Euler's laboratory. 9 
Discussion
After the isolation by von Euler 10 of a second hormone distinct from "sympathin" and the subsequent identification of A and NA, a number of investigations have demonstrated a different function of these two humoral agents in autonomic activity. Adrenaline is secreted mainly by the adrenal gland and causes a variety of profound vascular reactions, whereas NA is released mainly as the chemical mediator at sympathetic nerve endings and acts primarily as a vasoconstricting agent. Both amines disappear rapidly from the blood following infusion, but a fairly constant proportion of the infused dose is excreted unchanged in the urine (1.5-3$). On this basis the urinary excretion of A and NA has been used as an index of endogenously secreted amine. Cannon 1 has emphasized the autonomic nervous system and the adrenal medulla as important elements in the reaction of the organism to emergency needs, and described human emotional arousal in terms of "flight" or "fight." Hess 19 and his associates indicated that stimulation of different areas in the central nervous system resulted in the motor and physiological patterns associated with different emotional states. Stimulation of different areas of the hypothalamus by Folkow and von Euler 12 was found to result in the secretion of different amounts of A and NA by the adrenal gland, and these investigators suggested that these hypothalamic areas are perhaps related to the fear-and-flight reaction. Also, Elmadjian 7 ' 8 has found that aggressive, active, hostile behavior is related to NA secretion, while selfeffacing, fearful behavior is related to A excretion. Similar data were obtained by Cohen and Silverman 4 in studies using the human centrifuge and stressful interviews.
Results of experiments in this area have failed to clearly dichotomize subjects into aggressive NA-excretors and
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passive, fearful A-excretors. More recently it has been demonstrated that A excretion is perhaps more related to situations of uncertainty and NA secretion to situations of physiological preparedness. Mason and his associates 22 found that the plasma A level of monkeys was raised when the animals were in a novel or highly complicated situation, whereas when they had learned the routine the A levels were not raised. On the other hand, NA levels were elevated when the animals were "physiologically prepared" for the experiment, suggesting that they were prepared for muscular action.
It is likely that differences of A and NA secretion during different emotional states are mediated through the hypothalamus. Gellhorn 14 ' 15 has suggested that the degree of hypothalamic excitation may have a decisive influence on the type of emotion evoked in a given situation, with the emotion of rage and the state of aggressiveness associated with greater posterior hypothalamic excitation than the state of fear. He theorized that increased muscle tenseness present in the state of aggression and rage causes an increase in proprioceptive impulses and a stimulation of the posterior hypothalamus. As the stimulation lessens and the activity of the posterior hypothalamus decreases, there is a change from aggression to withdrawal. Whereas the former state is characterized by higher neurogenic discharge with an associated excretion of NA, the diminished activity of the hypothalamus is associated with diminution in the neurogenic discharge and a decreased output of NA. Gellhorn also postulated that increased adrenomedullary secretion and the associated high A output causes a reflex lessening of the excitation of the hypothalamus, in a manner similar to the relationship between the adrenal cortex and the pituitary gland. This theory would explain the high levels of A in the state of fear, in which excitability of the posterior hypothalamus is lessened.
That hypothalamic response is related to the cognitive state of the subject is reflected in the experiments with monkeys of Mason and Brady, in which the animals responded to uncertainty with elevated plasma adrenaline. Furthermore, Schachter and Singer 23 have demonstrated that such emotions as anxiety and anger could only be provoked in subjects who did not know what to expect. Informed subjects did not experience apprehension when told of the physiological effects they might expect from the drug, whereas others who had not been told felt quite anxious.
In the instrumental conditioning experiment reported above, behavioral differences were not associated with differences in urinary CA excretion rates. Thus the amount of muscular activity associated with punching was not associated with measurable increases in NA excretion. Furthermore, although subjects who actively handled the problem by avoiding or escaping the shock differed, in GSR and heart rate responses, from those who passively accepted it, no measurable differences in either sympathetic neurogenic or adrenomedullary activity were found when subjects were grouped according to their behavior.
It is apparent that analyses of urine samples are an inadequate index of sympathetic and adrenal activity in this type of experiment. Two reasons for this are the delay between secretion of the hormone and its appearance in the bladder, and the residual urine in the bladder after voiding. Thus sequential specimens will be contaminated with hormone secreted from the previous experimental period. A more serious difficulty is that rapid changes in sympatho-adrenal response cannot be measured-changes required to correlate sympathetic and adrenal activity with emotional and behavioral parameters. Plasma amine determinations would be more suitable for this purpose, but current techniques, although becoming reliable, are not sufficiently sensitive as yet. By one of these methods 18 it has been found that meaningful changes in NA levels require extensive muscular work. However, there is some question as to whether either plasma or urinary NA levels can be used as an index of muscle tone, since vasoconstriction and associated decreased blood flow have been shown to be associated with a minimal increase in venous plasma NA levels. 2 The uninformed men excreted increased amounts of A during the first experiment. This finding is consistent with the notion that the adrenal medulla responds during situations of uncertainty; the subjects found themselves in an unknown situation. That all the groups of subjects showed decreasing A levels on the second day seemed related to the familiarity of the subjects with the experiment. Increased A excretion has also been found by Levi 21 for soldiers exposed to a stressful occupational task, and by Frankenhaeuser and Post 13 for medical students exposed to mental work. It has also been demonstrated by Levi 20 that subjects laughing at amusing movies excrete A in amounts similar to when the same subjects were frightened by terrifying movies. Thus, Levi points out that it is likely that A excretion in experiments such as these is a manifestation of the intensity of the emotional response, independent of the subjective experience of the subject.
Women did not respond to the experiment with changes in either A or NA excretion. One explanation is that they did not experience the experiment as stressful, an interpretation partially suggested by the verbal reports. Alternatively, the women experienced stress but did not manifest significant sympathoadrenal changes. Since little is known of possible sex differences in sympathoadrenal functions, further experiments are required to answer this question.
The informed men differed from the uninformed only in their higher preexperimental A excretion on the first day. Since they approached the experiment with the added task of fooling the experimenters, the uncertainty they experienced was greatest before the experiment started. Furthermore, when they entered the experimental situation, their uncertainty may have been minimized since they had been instructed what to expect.
Noradrenaline excretion was greater in men than in women. The most likely reason would be the differences in body weights of the 2 groups of subjects. Weights were unfortunately not obtained, but correction of the mean NA excretion of women based on standard weights of 55 kg. for women and 70 kg. for men would raise the mean excretion from 1.12 to 1.42 /ig./hr. for women, as compared with the 2.01 fig./ hr. for uninformed men. Thus the men would still excrete 40? more NA than the women. This may mean that the level of sympathetic neurogenic activity in this type of experiment is greater in men than in women, perhaps indicating a generally greater level of muscular responsivity in the men.
Greater neurogenic responsivity in the men was further suggested by the increased NA excretion by these subjects during the interview. One reason for this may have been that during the interview the subjects, although still sitting as they had been during the experiment, were freer to move. However, if this were the only explanation, the women should have shown a similar relative increase during the interview. The alternative explanation is that the men perceived the interview as a competitive interpersonal situation, possibly involving musculoskeletal activity, since it was the NA excretion which increased rather than A. Unfortunately, a catechol-measurement sample was not obtained for a similar period on the first day.
In conclusion, uninformed men responded to the experiment with increased A excretion during the first day, and informed men with high A excretion before the first experiment. Women did not tend to show consistent adrenomedullary response during the experiment. Also, men excreted more NA than women, and showed an increased NA excretion during the interview. It is attractive to interpret the A data as being related to the way in which the subject perceived and emotionally responded to the experiment, and the NA data as being related to their sympathetic and neurogenic responses. Although such interpretations are consistent with previous work in this area, the data do not clearly identify specific hormonal responses to specific emotional patterns. Furthermore, subtle hormonal-behavioral relationships, if they indeed exist, tend to be masked by the hormonal response of the subject to the experiment in general.
Summary
Urinary excretion of adrenaline (A) and noradrenaline (NA) were measured for 3 groups of subjects exposed to an instrumental conditioning experiment. These subjects were 26 uninformed men, 18 women, and 6 informed men. who could learn to avoid or escape electric shock, or not perform the response. The different behavioral patterns were not consistently related to catecholamine excretion rates.
Uninformed men showed a rise in A excretion on the first day, and informed men had high pre-experimental values. Men did not differ from women in their over-all A excretion, but tended to respond more during certain parts of the experiment. One possibility is that there are sex differences in the adrenal response to emotional stress.
Men had an over-all mean NA exere-tion of 2.01 jug./hr., compared with 1.12 /u,g./hr. for women. Men showed more variability than women, with particularly high values during the postexperimental interview. The sex differences were not entirely due to differences in body weight, and were perhaps due to greater neuromuscular activity in men.
The relationship between urine volume and amine excretion was explored. In the middle range of urine volumes, which included most of the specimens, there was no consistent correlation for either amine, and the results found for amine excretion did not appear to be due to urine volume differences.
The hypothesis that different behavior patterns emerging in the experiment would reflect differences in aggressiveness, and that these differences would be reflected in differential cateeholamine excretion, was not confirmed. This was possibly because subtle differences were masked by the over-all responses of the subject to the stressful situation. Also, it is likely that the degree of cateeholamine excretion reflects the intensity of the emotional response more than the qualitative nature of the subjective experience.
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